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Abstract

Background: The combined roles of lifestyle factors in the risk of type 2 diabetes (T2D) are not fully investigated. In
the present study, we aimed to assess the relationship between a healthy lifestyle score (HLS) and the risk of T2D in
Tehranian adults.

Methods: A total of 3859 individuals without T2D were recruited from participants of the Tehran Lipid and Glucose
Study (2009-2011) who were followed up for a mean period of 6 years. A food frequency questionnaire was used to
collect individuals' dietary intakes at baseline. HLS scores was calculated based on three pre-defined methods with
focusing on 4 lifestyle factors including, no current smoking, no obesity, high physical activity, and greater adherence
to the healthy diet[determined using the alternate healthy eating index-2010(AHEI-2010), modified French Pro-
gramme National Nutrition Santé-Guideline Score(mPNNS-GS), and healthy diet pattern score(HDP)].

Results: Mean =+ SD age of participants(44.4% men) was 41.1 4= 12.3 years. After 6-year follow-up of study, 295(7.6%)
new cases of T2D were reported. Based on the age and sex-adjusted model, an inverse association was observed
between the higher score of HLS-AHEI-2010 (OR = 0.24;95%Cl:0.10-0.60), HLS-mPNNS-GS (OR =0.28;95%CI:0.15-0.50),
and HLS-HDP (OR=10.39;95%Cl:0.24-0.64) and the risk of T2D (P for trend < 0.05). Also, the fully-adjusted model
showed that after controlling the effects of various confounders, this invers association between the higher score

of HLS-AHEI-2010 (OR=10.25;95%Cl:0.10-0.61, P for trend:0.001), HLS-mPNNS-GS (OR =0.29;95%Cl:0.15-0.55,P for
trend:0.001), and HLS-HDP (OR=0.36;95%Cl:0.22-0.61,P for trend < 0.001) and risk of T2D was remained significant.

Conclusion: The results of this study suggested that higher score of HLS, characterized by no smoking, normal body
weight, vigorous physical activity, and healthy diet, is related to decreased risk of T2D incidence.
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Background

Type 2 diabetes (T2D) is a major health problem with
complex metabolic conditions, which is considered the
leading preventable risk factor for the development of
cardiovascular disease (CVD) and all-cause mortality
worldwide [1, 2]. Indeed, T2D is a complex and poly-
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and metabolic susceptibility [3]. In 2017, 8.5% of the
global adult population (425 million people) had T2D,
and it has been anticipated to be 629 million by 2045 [1].
Recent investigation has reported that the T2D incidence
rate in the Iranian population was 36.3 per 1000 person-
years, with more than 800,000 new cases per year [4].
Also, it is estimated that in the year 2030, nearly 9.2 mil-
lion Iranians will be affected by T2D [5]. Lack of proper
management of T2D with the increasing duration of this
disease threatens people’s lives due to various microvas-
cular complications such as nephropathy, retinopathy,
and neuropathy, and macrovascular complications in the
form of peripheral vascular disease and coronary artery
disease and lead to premature death [1, 6].

The interplay of genetic predisposition and metabolic
factors are the main drivers of the global epidemic of
T2DM [7]. Along with population aging, modifiable fac-
tors, including unhealthy dietary pattern, obesity, physi-
cal inactivity, and smoking, are recognized as prominent
risk factors that can contribute to the development of
T2D [1, 2]. In previous reports, lifestyle risk modification
has been suggested as a strong strategy in the prevention
of chronic diseases such as T2D [8]; so that it has been
suggested that variable levels of each modifiable lifestyle
factor, including smoking [9], physical activity [10], nor-
mal body weight [11], and adherence to a healthy dietary
pattern [12] can be associated with the risk of T2D. Also,
some studies have recently investigated the combined
role of lifestyle factors, including healthy diet pattern, not
smoking, avoiding obesity, and regular exercise, as a sin-
gle variable, called healthy lifestyle score (HLS), with risk
of chronic diseases and mortality [13—16]. Based on the
results of previous reports, adherence to HLS is related
to the promotion of overall health during aging [13],
decreasing the risk of coronary disease [14], and reducing
mortality in type 2 diabetic subjects [15, 16]. However, to
the best of our knowledge, there is no study on the asso-
ciation of combined lifestyle factors with the risk of T2D
incidence in the adult population.

Considering convincing evidence on the high incidence
of T2D among Iranian adults [17], the possible beneficial
combined role of healthy lifestyle factors as an HLS in the
prevention of some chronic diseases or their related mor-
tality, and also due to the lack of data on the association
between HLS and the risk of T2D, in the present study,
we aimed to assess the relationship between HLS and the
risk of T2D incident among Iranian adult population.

Methods

Study population

The present study was conducted within the framework
of the Tehran Lipid and Glucose Study (TLGS), a popula-
tion-based cohort study that was performed to determine
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the risk factors for chronic diseases among a representa-
tive urban population of Tehran, including 15,005 par-
ticipants aged >3 years [18]. The first phase of TLGS (a
cross-sectional survey) was initiated in March 1999, and
data collection, conducted prospectively at three years
intervals, is ongoing; the details of the TLGS have been
reported previously [18]. In the fourth survey of the
TLGS (2009-2011), of 12,823 participants, 7956 subjects,
aged 3-75 years, were randomly selected to be assessed
for dietary intakes.

For the present study, after excluding individu-
als aged<19 vyears (n=1585), 6371 participants,
aged > 19 years, with complete data in the fourth phase
of the TLGS (baseline examination), were selected. Indi-
viduals who under- or over-reported dietary intakes
(<800 kcal/day or>4200 kcal/day, respectively) or who
were on specific diets (n=470), those with prevalent
cancer (n=12), cardiovascular diseases (1#=49), and
pregnant and lactating women (n=116), were excluded.
The individuals with baseline T2D were also excluded
(n=553); some of whom fell into more than one category
(n=142). Next, 5313 healthy individuals (free of T2D)
were followed until the sixth examination, for a mean
period of 6 years from the baseline phase (fourth survey).
Finally, after excluding the participants who left the study
(n=1454), final analyses were performed on the data of
3859 adults (Fig. 1).

Physical activity assessment

Data on physical activity was collected using a modifi-
able activity questionnaire (MAQ), which was previously
modified and validated among Iranian adults [19]. Indi-
viduals were asked to report and identify the frequency
and time spent on activities of light, moderate, hard, and
very hard intensity over the past 12 months, based on a
list of usual activities of daily life; the ’participants’ physi-
cal activity levels were reported as metabolic equivalent
hours per week (MET-h/wk).

Demographic, anthropometric, and lifestyle assessment

Details of the TLGS data collection approaches and
measurements have been previously reported [18]. The
participants were asked to report their information on
demographic characteristics, drug use, medical history,
and cigarette smoking using a pretest standard ques-
tionnaire at baseline of current study. Body weight was
measured and recorded to the nearest 100 g using a
digital scale while participants wearing minimal clothes
and were without shoes. The height of individuals was
determined to the nearest 0.5 cm using a stadiometer,
without shoes that shoulders were in a normal position.
Body mass index (BMI) was considered as a individual’s
weight in kilograms divided by the square of their height
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Fig. 1 Flow chart of the Tehran Lipid and Glucose Study (TLGS) participants
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in meters. The systolic blood pressure (SBP) and diastolic
blood pressure (DBP) were determined using a standard-
ized mercury sphygmomanometer with an accuracy of
two mmHg based on standard protocols which was pre-
viously explained [18].

Biochemical Measurements

A 10 ml blood sample was taken after 12—14 h of over-
night fasting to measure biochemical variables includ-
ing fasting plasma glucose (FPQG), triglycerides (TGs),
total cholesterol (TC), and high-density lipoprotein-
cholesterol (HDL-C) based on the standard protocol that
has been previously descriebed [20]. All blood analyses
were performed at the TLGS research laboratory using

the Selectra 2 auto-analyzer (Vital Scientific, Spankeren,
The Netherlands) to analyze the samples. FPG, TG, TC,
and HDL-C were measured using enzymatic colorimet-
ric method and all analyses were done using commercial
kits (Pars Azmoon Inc., Tehran, Iran). The Friedewald
formula was used to determine low-density lipoprotein-
cholesterol (LDL-C) from the serum TC, TG, and HDL-C
concentrations.

Dietary assessment

Dietary intakes of individuals were collected using a
valid and reliable semi-quantitative food frequency at
baseline [21]. The trained nutritionist asked participants
to designate their consumption frequency for each food
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item during the previous year daily, weekly, or monthly;
portion sizes of consumed foods, reported in household
measures, were then converted to grams. Since the Ira-
nian Food Composition Table (FCT) is incomplete and
has limited data on the nutrient content of raw foods and
beverages, the United States Department of Agriculture
(USDA) FCT was used. The Iranian FCT was used for
national foods not listed in the USDA FCT.

Determination of healthy lifestyle scores

The score of healthy lifestyle factors for participants was
determined using three healthy lifestyle indices, includ-
ing HLS- alternate healthy eating index (AHEI)-2010
[15], HLS- modified French Programme National Nutri-
tion Santé-Guideline Score (mPNNS-GS) [13], and HLS-
healthy dietary pattern (HDP) [14]. All three indices
consist of four factors, including smoking (yes/no), physi-
cal activity (active/ inactive), obesity (yes/no), and diet
quality, which in each of these scoring procedures, the
quality of the diet has been assessed in different ways.

For computing of HLS-AHEI-2010 [15], individu-
als were divided into two groups based on each lifestyle
factor as follows: non-obese (BMI<25 kg/m?) vs. over-
weight/obese (BMI>25 kg/m2); non-current smoking
vs. current smoking; physically active (>22.5 MET/h/w)
vs. physically low active/sedentary (<22.5 MET/h/w). A
score of 1 was assigned to participants who were nor-
mal weight. Also, a score of 1 was considered for sub-
jects who were non-smoked. Furthermore, the physically
active participants (>22.5 MET/h/w) received a score of
1. The quality of diet in participants has been assessed
based on the AHEI-2010 diet score, which was defined in
detail previously [22]. Individuals were divided into quin-
tiles based on the AHEI-2010 score; individuals in the
upper two quintiles of the AHEI-2010 score were given
a score of 1 (as a higher adherence to a healthy diet). The
points for factors were then summed to create the over-
all healthy lifestyle score, which ranged from 0 (lowest
adherence to HLS-AHEI-2010) to 4 (highest adherence
to HLS-AHEI-2010).

The HLS-HDP index was also determined according
to the strategic goals of the American Heart Association
(AHA) using four important lifestyle variables (as binary
components), including BMI, physical activity, smoking,
diet quality [14]. We assigned a score of 1 to participants
who are not obese (BMI<30 kg/m?), are non-current
smoking, and are physically active (>66.5 MET/h/w).
The quality of dietary pattern in participants was
assessed by focusing on high consumption of fruits, veg-
etables, fish, whole grains, nuts, and dairy products and
low consumption of processed meats, unprocessed red
meats, refined grains, trans fats, sugar-sweetened bev-
erages, and sodium. The overall healthy dietary pattern
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score ranged from O to 12. Then, a score of 1 was assigned
to individuals if they had a healthy dietary pattern (diet
quality score > 6). Finally, we summed the points for each
of the factors to create the overall healthy lifestyle score,
which ranged from 0 (lowest adherence to HLS-HDP) to
4 (highest adherence to HLS-HDP).

In the present study, lifestyle score (named as HLS-
mPNNS-GS) was also determined based on the method
reported in the Atallah et al. study [13]. Like the meth-
ods mentioned above, HLS-mPNNS-GS were calculated
based on four main lifestyle factors: no obesity, vigorous
exercise, no smoking, and a healthy diet. We assigned
a score of 1 for participants if they are normal weight
(BMI=18.5-24.99 kg/m? and non-current smoking.
Also, participants were divided into quartiles based on
physical activity level; individuals in the upper two quar-
tiles of physical activity level were given a score of 1 (as
an active people). The diet quality score in participants
was calculated based on the French guideline-based die-
tary index (mPNNS-GS). We have determined the over-
all healthy diet score based on 10 food groups, including
fruit and vegetables, bread and legumes, whole grains,
dairy products, red and processed meat, fish and seafood,
added fats, fats with the vegetable origin, sugary food, and
Sweetened beverage, salt, and MET score. The diet qual-
ity score ranged from 0 to 12.5. We assigned a score of 1
to participants if they had a healthy dietary pattern (diet
quality score > 6.5). Finally, we summed the points of the
factors to create the overall healthy lifestyle score, which
ranged from 0 (lowest adherence to HLS- mPNNS-GS)
to 4 (highest adherence to HLS- mPNNS-GS).

Since alcoholic drinks intakes such as wine and liquor
are unusual among the Iranian people due to religious
considerations and were not reported in the TLGS study,
we did not include them in computing the three indices
mentioned above. As we did not have any food items as
low-energy beverages and cream soup in our FFQ, we
excluded them from the calculation.

Definitions

Diabetes was defined based on the criteria of the Ameri-
can Diabetes Association (ADA) as FPG>126 mg/dl
or 2-h post 75 g glucose load > 200 mg/dl or taking oral
hypoglycemic medication [23].

Statistical analysis

All analyses of our study were done using the Statistical
Package for Social Sciences (Version 20.0; SPSS, Chi-
cago, IL). Kolmogorov—Smirnov test was used to check
the variables’ normality. Baseline characteristics of the
individuals were presented as the mean =+ SD or median
(25-75 interquartile) for continuous variables and per-
centages for categorical variables. We used Chi-square
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and independent two-sample t-tests to compare quali-
tative and quantitative variables, respectively, between
individuals with and without T2D. Individuals were
also classified according to quartiles of HLS (HLS-
AHEI-2010, HLS-mPNNS-GS, and HLS-HDS) cut-off
points; Chi-square test and linear regression analyses
were used to test the trends of categorical and continu-
ous variables across quartiles of HLS, respectively. Mul-
tivariable logistic regression models were used to predict
the risk of 6-year incident T2D (as the dependent vari-
able) across quartiles of HLS-AHEI-2010, HLS-mPNNS-
GS, and HLS-HDS (as independent variables). The first
quartile of HLS was considered as the reference group
and odds ratios (ORs) and 95% confidence intervals (CIs)
were reported for two logistic regression models. Poten-
tial confounders, including age, gender, energy intake,
employment status, education, and marital status, were
adjusted in multivariable model. P-values<0.05 were
considered to be statistically significant.

Results

The mean age and BMI in all study population were
41.0+12.3 years and 27.2+4.6 kg/m?% respectively.
Also, the percentage of men in our study was 44.4%. We
identified 295 (7.6%) new cases of T2D after an average
of 6 years of follow-up. The characteristics of the T2D
patients and non-T2D subjects are expressed in Table 1.
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Indivduals with T2D had significantly lower academic
education and HDL-C, and had higher mean of age, BMI,
FPG, TGs, LDL-C, SBP, and DBP in comparison to non-
T2D subjects (P<0.001). The findings of Table 1 showed
that the % of employed individuals, smoking, men, and
the mean of physical activity, energy inakes, and macro-
nutrients did not differ significantly between the T2D
and non-T2D groups.

Participants’ characteristics are also presented across
the quartiles of HLS-AHEI-2010, HLS-mPNNS-GS, and
HLS-HDP in Tables 2, 3, and 4, respectively. Based on
the results of Table 2, participants in the highest quar-
tile of the HLS-AHEI-2010 score significantly to be more
female, younger, non-smoked, had higher levels of physi-
cal activity, academic education, and HDL-C, and had
a lower level of BMI, TGs, LDL-C, SBP, DBP, and lower
% incidence of T2D (after 6-years of follow-up) com-
pared to those in the lowest quartile of HLS-AHEI-2010
(P<0.05). Also, the intakes of vegetables, whole grains,
fruits, and nuts and legumes significantly increased
across quartile of the HLS-AHEI-2010 (P <0.05), whereas
dietary intakes of red and processed meat, sweetened
beverages, trans fatty acid, and sodium were signifi-
cantly decreased across HLS-AHEI-2010 score quartile
(P<0.05).

According to Table 3, individuals in the highest quartile
of the HLS-mPNNS-GS score significantly to be more

Table 1 Baseline characteristics of participants according to the development of the type 2 diabetes

Type 2 diabetes Non-Type 2 diabetes P-value
(n=295) (n=3564)
Baseline demographic and biochemical data
Age (year) 474+£115 406+£123 <0.001
Male, % 43.7 44.5 0423
Body mass index (kg/m2) 308453 270444 <0.001
Physical Activity (MET/h/w) 65.1 (35.7-93.8) 67.5 (35.7-99.1) 0.660
Academic education (graduated),% 20.5 299 <0.001
Employed, % 84.1 84.7 0419
Smoking, % 1.9 10.8 0310
Fasting plasma glucose (mg/dl) 102.0£103 922479 <0.001
Triglycerides (mg/dl) 169 (126-230) 113 (80-162) <0.001
Low density lipoprotein-Cholesterol (mg/dl) 1177+£326 111.6£325 0.003
High density lipoprotein-Cholesterol (mg/dl) 4444105 479+£116 <0.001
Systolic blood pressure (mmHg) 1234+182 111.9+£15.1 <0.001
Diastolic blood pressure (mmHg) 809+124 7494107 <0.001
Dietary intakes
Energy (kcal/day) 23594701 23994709 0351
Carbohydrate (g/day) 348+113 354+£119 0394
Protein (g/day) 8734281 89.24+488 0.508
Fat (g/day) 775+28.1 80.3+£482 0315

Data are presented as mean = standard deviation for normally distributed variables and median (25-75 interquartile range) for skewed variables, and percent for
categorical variables.
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Table 2 General characteristics and HLS-AHEI-2010 components of participants according to quartiles of HLS-AHEI-2010
Variable Quartiles of HLS-AHEI-2010 P for trend
Q1 (n=390) Q2 (n=1642) Q3 (n=1501) Q4 (n=326)
Mean score 1.00£0.00 2.00+0.00 3.00+0.00 4.00£0.00
Age (year) 431+£119 414+£118 40.7+£12.7 39.14£132 <0.001
Male, % 535 432 426 485 0.001
Academic education (graduated),% 276 26.5 30.8 370 0.001
Employed, % 815 86.3 84.6 80.1 0352
Fasting plasma glucose (mg/dl) 945492 939486 9224381 903+738 <0.001
Triglycerides (mg/dl) 140.0 (100.0 - 195.0) 125.0(89.0-175.0) 107.0(77.0-1587) 97.0(700-137.0) <0.001
Low density lipoprotein-Cholesterol (mg/dl) 116.0+344 112.7+£308 11.04+£33.1 108.2+34.3 0.005
High density lipoprotein-Cholesterol (mg/dl) 45.1£108 470£113 484+£116 5094113 <0.001
Systolic blood pressure (mmHg) 1155+16.1 113.8£15.2 111.8£16.1 107.8£12.7 <0.001
Diastolic blood pressure (mmHg) 765+108 76.14+11.1 7484109 721494 <0.001
Diabetes incidence (%)* 8.0 94 6.9 1.8 <0.001
Body mass index (kg/mz) 293434 284442 265447 226419 <0.001
Smoking (%) 504 1.0 2.8 0.0 <0.001
Physical activity (MET/h/w) 17.8 (89 -289.3) 669(33.1-965) 71.8(46.0-1020) 758(453-1057) <0.001
Diet quality score (based on AHEI-2010 score) 550457 56.84+6.6 623+7.8 67.04+4.0 <0.001
AHEI-2010 components
Fruit (serving/day) 2.36(1.28-4.03) 247 (144 -437) 3.30(1.87 - 5.24) 3.90 (246 -5.61) <0.001
Vegetables (serving/day) 237 (1.62-3.33) 2.76 (1.81 -3.93) 3.28 (2.08 - 4. 61) 3.51 (263 - 5. 01) <0.001
Nut and legumes (serving/day) 046 (0.31-0.67) 0.51 (O 32-0.78) 0.70 (041 - 1.05) 0.90 (060 - 1.25) <0.001
Whole grain (serving/day) 3.31(1.49-5.384) 3.31(1.66 - 5. 93) 3.71(2.10-5. 92) 4.05(261-6. 57) <0.001
Red and processed meat (serving/day) 0.73(042-121) 0.71(043-1.16)  056(035-0.88)  0.51(0.33-0.75) <0.001
Sweetened beverage (serving/day) 5(0.05-039) 0.14(0.05 - 0. 36) 0.12(0.04 -0.26) 0.10 (0.03-0.21) <0.001
Trans fatty acid (g/day) 2.75(1.21-531) 2.31(1.25-4.57) 2.31(1.19 - 4.60) 2.12(1.07 - 458) 0.025
Long chain n-3 poly unsaturated fatty acid (g/ 042 (O 21-091) 047 (0.22-1.19) 0.51(0.25-1.22) 0.53(0.27 -142) 0513
week)
Sodium (mg/day) 3555 (2845 -4384) 3473 (2698 —4379) 3290 (2616 —4205) 3266 (2456 —4162) 0.002

Data are presented as mean = standard deviation for normally distributed variables and median (25-75 interquartile range) for skewed variables, and percent for

categorical variables

2 Percentage of diabetes incidence across qaurtiles of HLS-AHEI-2010 was determined at the end of follow-up of study

female, younger, high-active, more employed, lower-
smoked, had higher level of academic education, and
had lower BMI, TGs, FPG, LDL-C, SBP, and DBP levels
(at baseline) and lower % incidence of T2D (after 6-years
of follow-up) compared to those in the lowest quar-
tile of this score (P<0.001). Also, based on our results,
the intakes of vegetables and fruits, bread and legumes,
whole grains, seafood, and vegetable oils significantly
increased across quartile of the HLS-mPNNS-GS score,
whereas the intake of red meat significantly decreased
across quartile of the HLS-mPNNS-GS score (P<0.05),
(Table 3).

According to Table 4, participants in the highest
quartile of the HLS-HDP score significantly to be more
female, younger, non-smoked, more employed, had
higher levels of academic education, physical activity,
and HDL-C, and had lower levels of BMI, FPG, TGs,
SBP, DBP (at baseline) and lower % incidence of T2D

(after 6-years of follow-up) compared to those in the low-
est quartile (P<0.05). Also, our findings showed that the
intakes of vegetables, fruits, dairy products, nuts, whole
grains, and fish significantly increased across quartiles
of HLS- HDP score (P<0.05), whereas dietary intakes
of refined grains, sodium, and sweetened beverage were
significantly reduced across quartiles of HLS- HDP score
(P<0.05).

We determined the odds of T2D across the quar-
tiles of HLS-AHEI-2010, HLS-mPNNS-GS, and HLS-
HDP and showed main results in Fig. 2 (A-C). Based on
the age and sex-adjusted model, the odds of T2D was
reduced across quartiles of HLS-AHEI-2010 (OR=0.24;
95%CI: 0.10-0.60, P for trend=0.001), HLS-mPNNS-
GS (OR=0.28; 95%CI: 0.15-0.50, P for trend=0.002),
and HLS-HDP (OR=0.39; 95%CI: 0.24-0.64, P for
trend<0.001). Also, findings of the multivariable-
adjusted model indicated that after adjusting age, gender,
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Table 3 General characteristics and HLS- mPNNS-GS components of participants according to quartiles of HLS- mPNNS-GS

(2022) 22:42
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Variable Quartiles of HLS-mPNNS-GS P for trend
Q1(n=519) Q2 (n=1044) Q3 (n=1757) Q4 (n=539)
Mean score 1.00£0.00 2.00+0.00 3.00+0.00 4.0040.00
Age (year) 4424132 41.5+125 413+£116 3684123 <0.001
Male, % 68.9 60.1 515 47.5 <0.001
Academic education (graduated),% 23.1 275 293 378 <0.001
Employed, % 76.2 824 879 86.2 <0.001
Fasting plasma glucose (mg/dl) 93.849.1 933489 932483 90.6+7.1 <0.001
Triglycerides (mg/dl) 130.0(920-185.0) 121.0(840-173.0) 120.0(87.0-171.0) 90.0 (66.0-128.0) <0.001
Low density lipoprotein-Cholesterol (mg/dl) 115.8433.1 111.9+334 11344320 104.1+£304 <0.001
High density lipoprotein-Cholesterol (mg/dl)  47.8+124 475£118 470+£11.0 499+£112 0.064
Systolic blood pressure (mmHg) 11524£172 112.7£155 113.7£153 107.2+£13.8 <0.001
Diastolic blood pressure (mmHg) 7644115 7514£110 7624109 718494 <0.001
Diabetes incidence (%)* 9.5 9.2 79 22 <0.001
Current smoker (%) 19.0 222 5.1 0.0 <0.001
Physical activity (MET/h/w) 26.0(129-37.6) 38.7(199-714) 823(615-1126) 89.3(67.0-128.0) <0.001
Body mass index (kg/m?) 293445 275445 279444 227+16 <0.001
Diet quality score (based on mPNNS-GS) 6.054+0.69 7.014£1.08 7.96+£0.88 8.084+0.80 <0.001
mPNNS-GS components
Fruit and vegetables (serving/day) 2.00 (2.00 - 3.99) 3.09 (2.00 - 5.31) 3.35(2.00-541) 340 (2.00 - 5.44) 0.001
Bread and legumes (serving/day) 9.75 (6.87 — 13.34) 9.75 (6.54 - 12.83) 9.93 (6.79 - 13.00) 10.23(7.82-1390) 0011
Whole grains (serving/day) 2.85(1.23-5.30) 339(1.77-5.81) 3.75(2.06 - 6.09) 3.66 (2.08 - 6.50) 0.001
Dairy products (serving/day) 1.54(0.89 -2.37) 1.66(1.13-244) 1.68(1.11-248) 70 (1.14 - 2.50) 0.884
Red meat (serving/day) 064(039-0.1.04  0.63(039-1.03) 0.63(0.39-0.96) 0.58(0.33-094) 0.003
Sea foods (serving/day) 0.16 (0.09 - 0.25) 0.21(0.11-047) 0.24 (0.13 - 0.49) 0.26 (0.14-0.52) <0.001
Fats (serving/day) 362 (1.72-588) 362 (191 -6.29) 3.54(1.88 -6.20) 392 (204-6.38) 0.055
Fats of vegetables origin (serving/day) 240 (1.24 - 458) 240 (1.30-4.88) 2.45(1.37 -5.05) 255 (1 30-542) 0.005
Sweetened foods (serving/day) 128 (063 -2.11) 40 (0.77 - 2.27) 146 (0.80 - 2.32) 7 (0.84 - 2.30) 0.098
Sodium (mg/day) 3431 (2668 - 4312) 3431 (2657 -4315) 3395 (2681 -4281) 3394 (2732 -4244) 0385

Data are presented as mean =+ standard deviation for normally distributed variables and median (25-75 interquartile range) for skewed variables, and percent for

categorical variables

2 Percentage of diabetes incidence across quartiles of HLS- mPNNS-GS was determined at the end of follow-up of study

energy intake, employment status, education, and marital
status, the risk of T2D was decreased across the quar-
tiles of HLS-AHEI-2010 (OR=0.25; 95%CI1:0.10-0.61,
P for trend:0.001), HLS-mPNNS-GS (OR=0.29; 95%CI:
0.15-0.55, P for trend:0.001), and HLS-HDP (OR =0.36;
95%CI: 0.22-0.61, P for trend <0.001).

Discussion
The current study has provided notable results on the
association of HLS and the risk of T2D in the framework
of longitudinal population-based study after a 6-year fol-
low-up. Our findings reported that a higher score of HLS,
assessed by three indices including HLS-AHEI-2010,
HLS-mPNNS-GS, HLS-HDDP, is related to decreased risk
of T2D independent of confounding factors.

Although strong reviews have focused on the associa-
tion of each lifestyle factor with the risk of T2D incident

separately, their findings have shown a significant asso-
ciation of healthy dietary pattern scores such as DASH
diet, Mediterranean diet, and healthy eating index [12],
vigorous physical activity [10], smoking [9], and ele-
vated BMI with risk of T2D [11], there is no study on the
combined role of lifestyle factors score as a single vari-
able with risk of T2D. Recently, some studies have inves-
tigated the combined role of HLS in health status or
chronic diseases risk, such as the risk of coronary disease
[14], healthy aging [13], and mortality [15, 16]. Interest-
ingly, our study results are in agreement with the results
of two previous studies that observed an inverse associa-
tion between the HLS and total mortality in adults with
type 2 diabetes patients [15, 16]. Also, in the Atallah
et al. study, a one-point increase in the HLS was associ-
ated with an 11% higher probability of healthy aging [13].
Furthermore, the Khera et al. study has reported that in
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Table 4 General characteristics and HLS-HDP components of participants according to quartiles of HLS- HDP

Variables Quartiles of HLS- HDP P for trend

Q1 (n=348) Q2 (n=1396) Q3 (n=1578) Q4 (n=537)

Mean score 1.00£0.00 2.004+0.00 3.00+0.00 4.00£0.00
Age (year) 443+£11.7 409+£124 40.7+£123 40.7+£120 <0.001
Male, % 573 62.8 53.0 434 <0.001
Academic education (graduated),% 194 26.5 316 353 <0.001
Employed, % 80.9 82.8 86.1 873 0.006
Fasting plasma glucose (mg/dl) 952492 930487 927483 9214738 <0.001
Triglycerides (mg/dl) 133.0(98.0-185.0) 11850(820-169.7) 113.0(80.7-1650) 113.0(78.0-160.0) 0.002
Low density lipoprotein-Cholesterol (mg/dl) 115.0+34.1 11254323 1114326 11.74+315 0.099
High density lipoprotein-Cholesterol (mg/dl) 453+£107 478£113 480£11.7 487119 0.019
Systolic blood pressure (mmHg) 116.74+152 112.74+16.1 11214+156 11214145 <0.001
Diastolic blood pressure (mmHg) 7774107 7514112 7504108 752+10.30 0.011
Diabetes incidence (%)* 138 9.0 59 52 <0.001

Current smoker (%) 36.0 14.8 56 0.0 <0.001

Physical activity (MET/h/w) 39.6 (229 -56.1) 473(238-714) 78.1(47.0-107.1) 982(81.1-129.1) <0.001

Body mass index (kg/m?) 318477 278+49 263440 258426 <0.001

Diet quality score (overall healthy dietary pat- 4.46+0.81 482+1.16 551+126 6.51+0.72 <0.001

tern)

Overall healthy dietary pattern components
Fruit (serving/day) 91(1.18-329)  2.33(1.38-3.998) 311(1.73-507) 449317 -644) <0.001
Vegetables (serving/day) 247 (1.71-3.52) 2.53 (W 69-3.79) 3.19(2.04 - 4.38) 3.66 (2.85 - 4.88) <0.001
Dairy products (serving/day) (O 86 —2.08) 6 (1.05-2.23) 1.70(1.11=-252) 2.28 (145 -3.09) <0.001
Whole grains (serving/day) 2.77 (142 -5.05) 290 (W 56-5.17) 3.84 (2.06 - 6.28) 41 (3.03 -7.30) <0.001
Fish (serving/day) 021(0.11-042) 0.21(0.11-043) 0.23(0.12-0.48) 0.29 (0.14 - 0.54) <0.001
Nuts (serving/day) (O 06-0.24)  0.14(0.07-0.30) 0.16 (0.07 - 0. 33) 1(0.10-043) 0001
Red meat (serving/day) 0.66 (0.40 - 0.96) 0.64 (0.38-1.02) 0.63(0.37-1.02) (O 37 -1.03) 0.144
Processed meat (serving/day) 0.08 (0.02 -0.15) 0.08 (0.02 -0.15) 0.07 (0.01 -0.1 7) 0.07 (0.01 - 0.16) 0.607
Refined grains (serving/day) 402 (297 -6.10) 417 (2.89 - 6.54) 3.88(2.80 - 5. 98) 3.65 (2.37 - 5.48) 0.001
Sweetened beverage (serving/week) 2 (042 -2.80) 0.91(0.35-2.10) 0.77 (0.28 — 1.96) 0.70(0.21 1.82) <0.001
Sodium (mg/day) 3655 (3002 - 4748) 3445 (2719-4302) 3287 (2558 —-4155) 3336(2659-4118) <0.001
Trans fatty acid (g/day) 235(1.14-4.72) 2.21(1.19-4.58) 239 (1.25-4.71) 2.35(1.21 -4.51) 0.651

Data are presented as mean = standard deviation for normally distributed variables and median (25-75 interquartile range) for skewed variables, and percent for

categorical variables

2 Percentage of diabetes incidence across quartiles of HLS- HDP was determined at the end of follow-up of study

individuals with high genetic susceptibility, a healthy life-
style was associated with a 46% lower risk of coronary
disease events than an unfavorable lifestyle [14].

For investigation of the relationship between HLS
and T2D risk, we have determined HLS in participants
using three indices, including HLS-AHEI-2010, HLS-
mPNNS-GS, and HLS-HDP. The rational for using
these three indices was as follows: first, the scoring
procedure of these indices were different in diet qual-
ity assessment or considering the cut point for the clas-
sification of participants based on BMI level; e.g. Patel
et al. had used the AHEI 2010 to assess the diet quality
[15], however, the Atallah et al. had used the PNNS-GS
method to determine food quality [13]. Also, in Patel

et al. and Atallah et al. studies, subjects were divided
into two groups of individuals with normal weight and
those with overweight and obesity, but in Khera et al.
study, individuals with normal weight and overweight
were classified into one group and received the same
score [14]. Second, each of these HLS scoring meth-
ods has been used and validated in different societies
that their population probably was different in general
characteristics such as lifestyle and dietary pattern with
other population such as people in Middle East and
North Africa (MENA) region. Another important point
was that in the previous studies, each of these indi-
ces has been used to determin the HLS in relation to
mortlity or various nutrition-related chronic diseases
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risk, but none of previous studies has been focused on
risk of the T2D. Therefore, in our study, we assessed the
relationship of healthy lifestyle, determined by three
HLS indices, with the T2D risk in the Iranian popula-
tion. Based on the results of all three methods, we were
able to show a remarkable association between a higher
HLS score and reduced the T2D risk, which indicates
that all three methods used have an acceptable and sim-
ilar ability in the prediction of people’s healthy lifestyle

score and its possible relationship with the incidence of
T2D.

The results of the current study are further in agree-
ment with the results of previous studies that have sum-
marized evidence on the independent role of individual
lifestyle factors in the development of T2D [9-12]; one
of the most important components of a lifestyle affecting
the incidence of T2D is the dietary pattern of individuals.
A systematic review has shown that the higher adherence
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to healthy dietary patterns such as the Mediterranean
diet and the DASH diet, characterized by higher con-
sumption of fruits, vegetables, legumes, nuts, low-fat
dairy, whole grain, seafood, dietary fiber, unsaturated
fats, and antioxidant nutrients and lower consumption
of animal fat, red and processed meat, sweets and des-
serts, are associated with decreased the risk of T2D [12].
Also, the greater adherence to alternative healthy eat-
ing index focused on a high intake of vegetables, fruits,
nuts, legumes, whole grain, PUFA, and lower intakes of
red meat, sweet beverages, trans fatty acids, and sodium,
was linked to decreased the risk of T2D as well as lower
prevalence of general obesity [12].

Several studies have also focused on the independent
role of other lifestyle factors, including smoking, physi-
cal activity, and obesity, in the pathogenesis of T2D. In
a meta-analysis of cohort studies, higher physical activ-
ity was related to a substantially lower risk of T2D [10].
It has been suggested that the vigorous physical activity
level has a protective role in reducing the risk of T2D
via the beneficial effect on insulin sensitivity, improving
glucose metabolism via insulin- receptor up-regulation
in muscle, and increased insulin and glucose delivery to
muscle, increasing total antioxidant capacity and reduc-
ing central adiposity through negative energy balance
[24, 25]. Also, the Akter et al. study has reported that
cigarette smoking is linked with an increased risk of T2D
[9]. Smoking leads to inadequate insulin secretion and
insulin resistance [26, 27] via various underlying effects
such as hormonal imbalance, inflammation, oxidative
stress, central adiposity, and endothelial dysfunction [9,
28]. Also, smoking harms the metabolism of nutrients,
B-cells dysfunction, and up-regulating inflammatory
markers such as C-reactive protein (CRP), which can be
related to increased risk of cardiometabolic abnormali-
ties [29, 30]. Furthermore, the elevated body weight and
central adiposity is another main underlying risk fac-
tor for T2D [11]; because obesity has an important role
in various metabolic pathways and in producing sev-
eral potential risk factors such as increased levels of the
chronic inflammatory response (increased inflammatory
markers such as interleukin-6 and tumor necrosis factor-
alpha), increased risk of impaired hepatic free fatty acids
and glucose metabolism, hyperinsulinemia, B-cell dys-
function, insulin resistance, and dyslipidaemia which all
of them are mostly associated with higher risk of T2D
(31, 32].

Given the important individual role of each lifestyle
factor in predicting the risk of T2D, we examined the
relationship between the combined role of these factors
and the risk of T2D in individuals who followed a healthy
lifestyle. Our results provide strong evidence that fol-
lowing combined healthy behaviors in the framework of
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a healthy lifestyle, which are characterized by a healthy
dietary pattern rich in fruits and vegetables, legumes and
grains, lower consumption of red and processed meat
and sweetened beverage, and having regular meals, high
physical activity, and abstinence from smoking, can have
a remarkable effect size in reducing the risk of T2D inci-
dent. Indeed, despite the differences between the previ-
ous studies and the current study concerning definitions
of HLS (components and scoring), the robust findings
reinforced and confirmed the assumption that combined
healthy behaviors may positively impact health promo-
tion and decrease risk of chronic diseases such as T2D.

Our study has several important strengths. This study
is the first population based prospective study that
assessed the combined role of healthy lifestyle factors
in prediction of T2D risk. Also, the current study has
a large sample size and relatively long-term follow-up
duration. Using valid and reliable food-frequency and
physical activity questionnaires for collection the partici-
pants’ data on dietary intakes and physical activity levels
is another strength of this study. Despite these strengths,
some limitations of current study should be mentioned.
Similar to epidemiological studies, recall bias and meas-
urement error are inherent limitation of using the FFQ
in the present study. Also, although various confounding
factors were controlled in multivariable logistic regres-
sion model, we cannot ruled out the effects of residual or
unmeasured confounders.

Conclusion

In conclusion, our findings have shown that higher
adherence to HLS, characterized by a healthy diet, vig-
orous physical activity, not smoking, and normal BMI, is
strongly associated with a decreased risk of T2D in Ira-
nian adults. Further observational studies are suggested
to assess the combined protective role of HLS in the
development of T2D among other populations.
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